Introduction: Microbial contamination of hospital gowns is the main reason for the dissemination of nosocomial infections. Bacteria are the cause of most of these contaminations. The present study aimed at determining the frequencies and types of bacterial pathogens on the surface of personnel gowns, before and after washing with sodium hypochlorite 5% in Vali-e-Asr Hospital, Birjand, Iran.
Introduction
Infections that are present neither at the time of admission nor during the incubation period; however, they occur during 48-72 hours after hospitalization or during 10-30 days after discharge from the hospital are classified as nosocomial infections (1, 2) . Hospital is where microorganisms Downloaded from jsurgery.bums.ac.ir at 15:21 IRDT on Sunday March 22nd 2020 can be transmitted from one patient to another in different ways. In such environments, some pathogenic or opportunistic microorganisms can be carried by care personnel or transmitted from surfaces that are in direct contact with patients.
Various studies carried out at national and international levels reported that microbial contamination of medical equipment in hospitals may transmit pathogens to patients (3) (4) (5) (6) (7) . According to studies conducted by World Health Organization in 14 countries, the prevalence of nosocomial infections was 8.7% in North America, 5% in Europe, and 40% in Asia, Latin America, and Africa (8, 9) . The high costs of nosocomial infections are imposed upon the treatment systems and patients. Hospital pathogens are usually more pathogenic and drastically differ from nonnosocomial pathogens.
These bacteria have specific qualities (e.g., multiple resistance to antibiotics caused by antibiotic-resistant genes exchanges in hospital) which might be due to exposure to different types of antibiotics and disinfectants used in hospitals. Mechanisms that cause bacteria to resist antibiotics include antibiotic degradation, prevention of antibiotic penetration due to purine deficiency, or intracellular antibiotics excretion (e.g., efflux pumps) (10) .
Although nosocomial infections can affect different body parts, most reports are from urinary tract infections, lower respiratory tract infections, and surgical wounds (2) from past to present methods, such as using various disinfectants have been common in hospitals to prevent nosocomial infections. However, because of the inappropriate use of them, the desired result has not been achieved (11) . Nonetheless, Yousefi Mashouf et al. used sodium hypochlorite as a disinfectant for cleaning slit lamp in ophthalmology departments, as well as chlorhexidine 1% as a suitable disinfectant in hospitals (6, 12) .
Nosocomial infections certainly have adverse effects on the recovery period and impose extra expenses on patients and hospitals; therefore, the role of disinfectants and antiseptics are of great importance. The aim of the present study was to determine the frequencies and types of pathogens on the surface of personnel gowns, before and after washing with sodium hypochlorite 5% in Vali-e-Asr Hospital, Birjand, Iran
Methods
This descriptive and analytical study was approved by the Ethics Committee and Deputy of Research and Technology of Birjand University of Medical Sciences (Ethics code: ir.bums.rec. 1396.182), Birjand, Iran. In addition, the current research was a field study. A simple random sample method was selected based on the conditions of Vali-e-Asr Hospital in Birjand. Sampling was performed by a wet sterile swab in 2018. The sampling was conducted in two stages, before and after washing with sodium hypochlorite. A total of 132 gowns were randomly selected, containing a total of 528 microbial cultures, including two samples from two different parts (1.cuffs 2. front and bottom of the gown) during two sampling stages (before and after washing). Samples were obtained from the surface of both parts of the gown using a wet swab smeared with Tryptic Soy Broth (TSB).
Then each swab was placed in a test tube containing 0.5ccs of TSB liquid medium. After sampling, the tubes containing the samples were immediately transferred to a medical diagnostic laboratory, then the inoculated culture tubes were placed in a 37°C incubator for 4 h. Samples were cultured on blood agar and eosin methylene blue agar. Then plates were examined after 24 h. In the presence of bacterial colonies on the surface of each culture medium, microscopic, and biochemical features of the separated microorganism were evaluated for bacterial identification.
In order to identify the isolated bacteria, we evaluated the isolates based on some macroscopic, microscopic, and biochemical criteria. The morphology of the colonies, Gram staining, microscopic observation of bacterial shape and arrangement, motility, type of hemolysis, production of hydrogen sulfide, urease, oxidase and catalase tests, and finally growth on differential, specific, and enriched media (e.g., MacConkey agar, DNase agar, and Chocolate agar) were the main criteria which were used.
To identify gram-positive and catalase-positive cocci, the following tests were implemented: oxidase, catalase, urease, coagulase tests, resistance to bacitracin, and mannitol fermentation. Moreover, to identify gram-positive and catalase-negative cocci, the following tests were applied as well: sensitivity to vancomycin, Bacitracin, optochin, colony morphology, beta hemolysis test, and growing in bile esculine agar test. The obtained results were analyzed in SPSS software (version 16) using the McNemar's test for comparing data. A p-value of less than 0.05 was considered statistically significant.
Results
The results of the present study showed that Downloaded from jsurgery.bums.ac.ir at 15:21 IRDT on Sunday March 22nd 2020 out of 132 pre-washed cases, 128 cases were at least contaminated with one microorganism (97.96%). The number of contaminated cases were reduced to 46.59% using sodium hypochlorite ( Table 1 ). The three bacterial species, including Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus accounted for 62% out of 264 bacteria, which were found from the gowns before washing (62.09%, 16.28%, and 12.12%, respectively). Although the remaining 38% of the detected bacteria were related to other types of bacteria, no bacterium type had 10% share ( Table 1) .
The obtained findings showed that washing with sodium hypochlorite significantly reduced the number of positive cultures to 141 (53%) (P<0.001). The McNemar's test results also revealed that the sodium hypochlorite did not exert equal effects on different types of bacteria. Even the number of Staphylococcus aureus, Staphylococcus epidermidis, and gram-positive bacilli had been increased. Moreover, Sodium hypochlorite 5% showed a reduction in other bacteria types. Accordingly, the most lethal effect of sodium hypochlorite 5% was observed on Pseudomonas aeruginosa and Escherichia coli.
Discussion
Nosocomial infections as a significant concern of the medical community are known to be one of the most critical risk factors in hospitals. Infection control is one of the essential issues associated with the health of staff, patients, and their companions. Many studies have been conducted on nosocomial infection rates and methods of disinfecting hospital surface/equipment at national and international levels.
Our results showed that almost all of the pre-washed gowns were contaminated (96.97%). The highest amount belonged to Pseudomonas aeruginosa (34.09%) and the lowest to Enterobacter cloacae (0.75%). The results of a study carried out by Akbari et al. (2002 Akbari et al. ( -2008 indicated that almost 100% of hospital gowns were positive when they were examined at least once or three times, and the most isolated types were Enterobacter species (i.e., 49.27% of isolated bacteria), and the most contaminated gowns belonged to emergency departments and outpatient operating rooms (7) . The results of this study were in line with the findings of the present study in terms of the number of positive gowns; however, the isolated bacteria percentage and types are different that is probably due to differences in sampling methods and selected hospital wards. In another study conducted by Valian et al. (2013) in the School of Dentistry of Shahid Beheshti University of Medical Sciences in Tehran, Iran, the students' gowns in the therapeutic ward of the school were examined for the type and extent of aerobic bacterial contaminations. Their results indicated that on average 86.7% of the samples had increased post-work contaminations; the most contamination was from gram-negative and Staphylococcus aureus (13) . In addition, the aforementioned research was different from the current study in terms of the type of pathogens. Furthermore, in a study conducted by Yousefi Mashouf et al. (2006) in Teaching hospitals of Hamadan showed that the most common bacteria were Escherichia coli, Staphylococcus epidermidis, Micrococcus, Bacillus subtilis and Pseudomonas aeruginosa, respectively (14) . Their results confirmed the findings of our study that Pseudomonas aeruginosa is a major pathogen in the hospital staff's gowns after washing. According to Downloaded from jsurgery.bums.ac.ir at 15:21 IRDT on Sunday March 22nd 2020 the available studies, the differences in pathogen types indicate that the pathogenic microorganisms vary from hospital to hospital and from one city to another.
Results of the current study revealed that the contamination rate before washing with sodium hypochlorite was 96.97% and after washing with this disinfectant was reduced to 46.59%. Based on the obtained findings, it can be concluded that sodium hypochlorite had an acceptable disinfection effect. It had the most positive impact on Pseudomonas aeruginosa, and the most detrimental effect on Staphylococcus aureus and Staphylococcus epidermidis. Kohler, AT et al.
(2018) carried out a study on the potency of sodium hypochlorite on several gram-negative bacteria, including Pseudomonas aeruginosa. In this study, Pseudomonas aeruginosa showed little sensitivity to sodium hypochlorite (P=0.0025), and no significant difference in sensitivity between different strains of Pseudomonas aeruginosa was demonstrated (P>0.05) (15) .
Another study by Lineback (17) .
In another study performed by Ujimine, sodium hypochlorite concentration was mentioned as one of the critical factors in removing Staphylococcus aureus and the sufficient levels were reported from 30 to 120ppm (18) . Chlorine and its derivatives, such as sodium hypochlorite, are widely used to disinfect hospital surfaces and clothing. This disinfectant will demonstrate the best results if the standard tips, including proper dilution, enough time to contact the surfaces to perform disinfection mechanisms, are taken into account. Following some practical instructions, such as collecting gowns from different sections, disinfecting surfaces regularly and timely, drying the clothes, and setting shorter time for washing hospital personnel's clothes can have a significant impact on reducing infections and this is a massive success for both the patient and the hospital.
As it was evident in the obtained results, sodium hypochlorite has a significant effect on Pseudomonas aeruginosa. Pseudomonas aeruginosa is one of the most resistant bacteria in nosocomial infections (7) and always has severe consequences for patients, as well as it can cause problems for physicians in the process of healing. As a result, sodium hypochlorite was observed to be a good option to disinfect hospital clothing. It should be noted that Staphylococcus epidermidis is a microbiome and can be transmitted at any stage of the washing process. Therefore, the mortality rates and medical expenditures would be mitigated using new methods of disinfection and modern washing technology.
Conclusions
According to the results of the present study, sodium hypochlorite had a favorable effect on hospital disinfection and the most influence on Pseudomonas aeruginosa as one of the leading causes of nosocomial infections.
